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Abstract 
This article provides guidance to determine the fire safety provisions for aged concrete building structures which have an age of 50 years 
and beyond. The ability of the aged concrete structures to resist both structural loadings and the impact of fire needs to be assessed 
through a combined structural and fire engineering assessment, taking into account the risk of concrete spalling in fire. It is recommended 
that in order to mitigate the risk of concrete spalling, additional active and/or passive fire protection may be required for the concrete 
having a tolerable or unacceptable risk of spalling. No additional fire safety measures would be necessary for concrete structures which 
have an acceptably low risk of concrete spalling occurring. 
 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
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1. Introduction 
Reinforced concrete structures have been widely used as a major building form for decades, and some concrete structures 
have reached or exceeded their design working life of 50 years but remain functional. A survey of the service life of 
buildings[1] in the U.S. shows that approximately one-third of concrete buildings lasted for more than 50 years, with an 
average expected service life of non-residential concrete buildings of 87.2 years. 
Building codes and associated standards (such as AS3600[2] and Eurocode 2[3]) require certain concrete cover to 
reinforcing steel to achieve both durability and fire resistance requirements. 
Research on concrete materials and structures indicates that there are limited data available on the properties of 
reinforced concrete materials which have an age of 40 to 80 years [4] and beyond. The concrete properties which have been 
well-documented generally relate to concrete of an age less than 5 years or for specimens that had been subjected to extreme 
environmental conditions or accelerated aging. 
Spalling of aged concrete structures at ambient temperatures can occur due to corrosion of reinforcing bars with limited 
cover in the presence of aggressive atmospheric conditions. The corrosion may not only be present on the reinforcing bars at 
the locations where concrete spalling had occurred but could also be present on the reinforcing bars where cracking of 
concrete members is visible. Some aged concrete structures can still achieve the intent of the original design at ambient 
temperature conditions by repairing corrosion damage. However, for concrete structures which have exceeded their design 
working life, their ability to resist both structural loadings and the impact of fire needs to be considered carefully through a 
combined structural and fire engineering assessment. 
In order to meet the fire resistance requirements under fire conditions, the tolerable or unacceptable risk of concrete 
spalling may need to be addressed and mitigated by providing additional fire safety measures. The risk of concrete spalling 
in fire is considered for concrete structures which are newly designed and maintained in accordance with the relevant 
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building codes or standards. However fire safety provisions for aged concrete building structures are not yet documented in 
the current standards or other regulatory guidance. 
Concrete spalling in fire is a complex topic and the influence of aging of concrete is not yet fully understood. It is 
considered that aging of concrete is likely to have a detrimental impact on the capacity of concrete structures to resist a fully 
developed fire in a building and spalling, where loss of concrete cover in the heating process would occur at a more 
substantial rate. 
1.1. Durability of concrete structures 
Buildings and their structures are required to be designed in accordance with the national codes and regulations which in 
essence define societys service life requirements. Often their requirements are not stated explicitly, but implicitly through 
the standards. For instance, the Building Code of Australia (the BCA) [5]requires that concrete structures are designed in 
accordance with AS3600Concrete Structures which sets out the minimum quality and performance being acceptable to 
society with an expected service life in the order of 50 years. 
The quality of the concrete and the designed durability performance are assumed properties at the design stage.The real 
quality and performance characteristics are determined through the actual execution process during construction on site. 
Concrete structures will age and deteriorate with time and hence the performance of the structures will change with time [6]. 
The two-phase diagram illustrated in Fig. 1 describes the development over time for most types of deterioration of 
concrete structures. 
• The initiation phase  During this phase no obvious weakening of the material or function of the structure occurs, but 
aggressive media may overcome some inherent protective barrier. 
• The propagation phase  During this phase active deterioration may develop and loss of function may be observed. The 
propagation phase may be divided into several events, including cracking and loss of effective reinforcement through 
corrosion. 
 
Fig. 1. Corrosion model (reproduced from [7]). 
Fig.2 below illustrates the performance of concrete structures with respect to reinforcement corrosion and related events. 
Points 1 and 2 represent events related to the serviceability of the structure, Point 3 relates to both serviceability and 
ultimate states and Point 4 represents collapse of the structure. 
 
Fig. 2. Service life and propagation phases (reproduced from [6]). 
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The failure of concrete structures in normal temperature conditions is mainly due to the corrosion of the reinforcing steel. 
The following reasons are less common, but may still be critical. 
• Alkali-aggregate reaction 
• Drying shrinkage and creep 
• Chemical attack 
• Softwater attack 
• Structural damage i.e. overloads 
The composition, properties, strength and durability of aged historical concrete are often different from those of todays 
concrete, which is reinforced concrete. The properties of reinforced concrete are much more complex than those of mass or 
plain concrete. In order to improve the tensile and shearing capacity in structural elements, reinforcement is cast in the 
concrete. As a result, the properties of reinforced concrete are dependent not only on the properties of steel and concrete, but 
also on the workability and effective load distribution between the steel reinforcing bars and concrete. 
1.2. Service life of concrete structures 
The durability of concrete structures is required to be not less than its design working life, including any expected 
deterioration over the design life which might impair the performance of the structure and bring it below the design strength 
intended. 
The design working life is the assumed period for which a structure or part of it is to be used for its intended purposes 
with anticipated maintenance but without major repair being necessary. Design working life requirements for concrete 
structures are generally categorized based on the intent of the use of the structures [8, 9]. 
Table 1. Indicative design working life 
Class Indicative design working 
life (years) 
Examples 
1 1-5 Temporary structures 
2 25 Replaceable structural parts 
3 50 Building structures and other 
common structures 
4 100 Monumental building 
structures, bridges and other 
civil engineering structures 
 
The design working life of a reinforced concrete structure depends on a number of parameters: 
• The location of the structure and its expected environmental conditions; 
• Conceptual and structural design, detailing, intended use and level of maintenance; 
• Materials specification and properties; and 
• Appropriate method of construction. 
The risk of structural failure over the design working life is considered in the current building design code and is 
mitigated by applying design safety factors. As long as the requirements of the concrete design code are met, the risk of 
structural failure is considered to be acceptably low over the design working life of the structure. 
Existing aged concrete buildings may not meet current code requirements. This does not necessarily mean that the 
structures are unsafe. However the level of risk of structural failure can or should be addressed through a structural and fire 
safety assessment, taking into account the risk of concrete spalling. The service life of a structural element is the period of 
time after construction or installation during which all essential properties meet or exceed minimum acceptable values, 
when routinely maintained. 
The service life of a reinforced concrete element or complete structure may be longer or shorter than the design working 
life which is predicted in the building design stage. The service life of structural elements in a building may vary 
significantly but may not be reached simultaneously. 
The service life of concrete structures is considered to have reached, if one of the following defects is present: 
• The point at which corrosion is initiated 
• The first appearance of cracking (visible with magnification) 
• Cracking visible to the naked eye 
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• First spalling 
• Excessive deflection 
• Collapse under the design loading 
Aged existing concrete building structures with defects can still be made functional if appropriate repairs are carried out, 
and hence the service life of building can be safely extended. 
This service life may be extended by using either reactive or proactive structural management approaches [10], as 
illustrated in Fig.3 below. 
 
Fig. 3. Relative costs of reactive and proactive structure management approaches (reproduced from [10]). 
The reactive approach is typically triggered by the existence of cracking or spalling of concrete and other observable 
damage to the structure. In order to slow the rate of deterioration and extend the service life of the structure, repair of the 
damage will then be carried out.  
The proactive approach is typically adopted by taking action earlier to extend the period of initiation of corrosion. The 
early application of a coating to the surface of the concrete is an applicable proactive treatment to the concrete structures in 
order to delay the onset of corrosion. 
As long as the risk of spalling of concrete in fire has been carefully considered in the original design and construction, 
the inherent fire resistance of concrete may be utilized for the concrete structures in the case that the service life exceeds the 
design working life. No additional fire safety measures would necessarily be proposed for concrete structures which are still 
within their service life if the risk of concrete spalling in fire is acceptably low. 
Additional requirements for normal and fire conditions may be required for many older buildings, such as heritage 
buildings if long-term performance and an extended service life of the structures are required. In the case which a sprinkler 
system is provided in such a heritage building, its benefits may be considered as part of a holistic approach to overall 
structural performance. 
2. Fire resistance of concrete structures 
The level of fire resistance of new or existing concrete building structures is prescriptively determined without 
consideration of design working life. Concrete is described as fireproof because it does not burn and does not emit any 
toxic fumes when subjected to fire. In the majority of applications, it will not produce smoke or drip molten particles. 
Concrete structures generally do not require additional fire protection if they are appropriately designed, because of their 
inherent fire resistance which arises from the thermal insulation provided to the reinforcing by the appropriate concrete 
cover. This removes the time, cost, additional materials and labor required to provide additional fire protection measures. 
In Australia, the fire resistance requirements are specified in the Building Code of Australia (BCA) which requires that 
concrete building be designed in accordance with AS 3600. For a reasonable service life, concrete floor slabs, walls, beams 
and columns can generally be designed to adequately comply with fire-resistance requirements specified in the BCA, 
without requiring specialized additional fire protective measures, such as fire rated spray, boards, or intumescent materials. 
The fire resistance levels of concrete structures are normally classified according to the standard time-temperature curve 
(such as the ISO 834 fire curve).Concrete structures are robust, can be repaired after a fire and it is possible to make changes 
during the life of the building. This is a particular advantage which stems from the use of concrete in buildings. However, 
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concrete may spall in fire due to rapid heating, resulting in the reinforcing being exposed, and lead to a loss of strength of 
the concrete structure. 
Concrete spalling is a common phenomenon in fires in concrete buildings. Approximately 80% of 100 reported fire 
incidents in concrete buildings mention the occurrence of fire spalling [11]. The concrete spalling in fire is the violent or 
non-violent breaking off of layers or pieces of concrete from the surface of a structural element. The violent spalling is 
categorized in four types, i.e. surface, corner, aggregate and explosive spalling [12]. Sloughing off [13] and post cooling 
spalling are two types of non-violent spalling. The explosive spalling is the most violent type of concrete spalling for 
concrete buildings exposed to high and rapidly rising temperatures due to fires. 
Concrete spalling in fire is a complex topic and the influence of aged concrete is not yet fully understood. Spalling is 
influenced by a large number of parameters, as summarized in Table 2 below. 
Table 2. Factors that influence spalling 
Material Properties  Heating Conditions Boundary and Geometry Environment and others 
Age; Cooling conditions; Loading; Curing conditions; 
Aggregate type; Degree of exposure; Restraint; Drying conditions; 
Compressive strength; Duration; Cross-sectional shape; Sealing conditions; 
Moisture content; Maximum temperature; Size; Cracking; 
Permeability; Nature of heating; Structural form. Depth of cover; 
Porosity; Rate of heating.  Reinforcement; 
Thermal diffusivity;   Use of additives. 
Water/cement ratio.    
 
The moisture content of concrete structures is considered an indicator of the spalling risk in Eurocode 2 in which a 
limiting value of 3% moisture content by weight at normal temperature conditions is recommended to minimize spalling. 
The transient moisture content plays an important role when a concrete specimen is heated and the steam pressure in the 
pores rises close to the surface. The pressure gradient drives moisture out of the specimen and towards the inner colder 
regions. The steam will condense when it meets the inner colder concrete.  
A region which has higher transient moisture content will be created in the inner colder concrete. This region is also 
called Moisture Clog [14]. Further movement of steam towards the colder regions is restricted by Moisture Clog and the 
highest pressure will be developed at the boundary between the Moisture Clog and the steam. The presence of higher 
transient moisture areas influences the mechanical properties of concrete. The compressive and tensile strength of concrete 
in the region of this so-called Moisture Clog is dramatically decreased [15, 16].  
The steam pressure has traditionally been used to explain the spalling of concrete under fire conditions. It is considered 
that concrete will spall if the steam pressure exceeds the tensile strength of the concrete. However, recent research has found 
that the Moisture Clog mechanism alone cannot cause spalling [17]. The evidence appears to be that the steam pore pressure 
can only act as a trigger for the spalling phenomenon, as the steam pore pressure will only trigger a crack. When a crack 
produced by steam pore pressure starts to open, the pressure drops and it appears the explosive spalling is a result of 
excessive thermal stress. Results of an experimental study of steam pressure inside self-compacting concrete exposed to fire 
have shown relatively low internal pressures before spalling occurs [18]. The maximum pressure measured in the tests 
before spalling was low compared to the normal tensile strength of concrete. Slow heating will generally lead to high steam 
pore pressure and no spalling. However, fast heating will lead to an increase in surface cracking, low steam pressure and 
spalling. Steam pore pressure only plays a secondary role in the spalling process of self-compacting concrete. It is the 
thermal stress arising from the heating regime that is the primary reason for spalling. 
As concrete ages it potentially becomes more susceptible to spalling. The uncertainty associated with spalling is 
increased through the service life of concrete as the properties of concrete change with the respect to time and the 
environment to which it is exposed. Hence, the consideration of the effects of concrete aging is important in performing 
safety evaluations for aged concrete building structures.  
In normal strength concrete, the risk of spalling is greatest in its early years [19], as water content reduces with age from 
drying and the effective water content of the pores close to the surface reduces over time. There are conflicting reports 
presented for aging concrete. Malhotra [20] has presented evidence to show that aging increased the susceptibility of 
concretes to spalling. However, experimental evidence presented by Akhtarruzaman and Sullivan [21] and Copier [22] 
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suggests that concrete will not spall beyond a critical age. On the other hand, recent full-scale fire tests [23] have shown that 
concrete over 20 years old in an indoor environment is still capable of explosive spalling. 
There are no comprehensive data which clearly show the relationship between concrete spalling in fire and the 
degradation of aged concrete. It appears that for younger concrete, the temperature dependent degradation of the material is 
limited to a relatively thin layer which grows slowly with the time of exposure. In the absence of supportive data from fire 
tests, it is considered that if reinforcement corrosion is observed in concrete members, the risk of concrete spalling and 
direct exposure of reinforcement to fire is high.  
The likelihood of spalling is increased for: 
• High incident heat flux in the early stages of fire development which will increase the thermal stress 
• Concrete with high moisture content (>=3% by weight) 
• Concrete with low porosity or permeability 
• Siliceous aggregate concrete and high-strength concrete 
In order to reduce the spalling risk, the following methods may be applied to concrete building structures [23].  
• A thermal barrier, which can also be applied in the case of existing concrete member 
• Mix design to control moisture content 
• Provision of a false ceiling as a cavity barrier which can also be applied for an existing concrete structure 
• Use of larger sections 
• Use of lightweight aggregates 
• Use of supplementary reinforcement (sacrificial steel) 
• Use of polypropylene fibres 
The risk of concrete spalling can also be mitigated by using active fire protection measures, such sprinkler protection to 
reduce the likelihood of a severe fire. 
A number of these methods, particularly thermal barriers and use of sprinklers can be options to protect existing concrete 
building structures of unknown service life or where reduced fire performance due to aging is thought to be an issue. 
3. Assessment of aged concrete building structures 
3.1. Structural assessment 
Structural assessment for aged concrete building structures is an activity different from structural design. It is aimed at 
assessing the actual condition and adequacy of an existing structure as opposed to designing a structure which has not yet 
been built, and therefore much of the uncertainty present at the design stage is absent. This greater certainty can be taken 
into account in the assessment, provided sufficient information is gathered or available. On the other hand, some different 
uncertainties, such as the extent of corrosion or concrete deterioration, may need to be taken into account. 
For a concrete building with an age exceeding its original design working life, a structural assessment is required to 
ascertain the safety and serviceability that are still provided by the existing building structures.  
The possible outcome of the structural assessment may be that: 
• The service life is not reached and the concrete structures are functional under normal conditions without requiring major 
repair  no fire safety assessment for concrete structures is required; 
• The service life is reached and can be extended by repairing any defects. The concrete structures are functional at normal 
conditions  a fire safety assessment for concrete structures is required; 
• The service life is reached. The defects are unable to be cost-effectively repaired. The structures should be removed or 
demolished  no fire safety assessment for concrete structures is necessary. 
The structural assessment for an existing building structure may also be required for the following reasons: 
• purchase, insurance, or legal purposes 
• change of use or loading regime 
• defects in design and construction 
• deterioration with time or from being in service 
• accidental, fire or other damage 
• assuring safety and/or serviceability for future use 
• structural alterations 
• change of environmental conditions. 
Fire safety engineers may be mobilized to carry out a fire safety assessment if there are uncertainties to the fire resistance 
level of existing concrete structures.  
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3.2. Fire safety assessment 
In the case that the service life of aged concrete building structures is exceeded and the building can be functional under 
normal conditions by repairing the structural defects, fire safety assessment is to be carried out by a fire engineer to provide 
information and solutions to address the fire resistance requirements. 
The general procedure of the fire safety assessment for aged concrete structure is recommended, as follows [24]: 
• Initial site visit. 
• Carry out an initial desk top review of the existing structures. The desk top review will establish the fire protection 
requirements and assess the fire performance of the building as it stands.  
• If the initial desk top review is inconclusive, the structure appears to be inadequate or the resulting fire protection works 
would be economically or architecturally unacceptable, a structural fire engineering approach may be adopted. Materials 
testing and further detailed site inspection may be required.  
• Consider the benefits of carrying out fire resistance testing (such as sample material testing).  
• Prepare documentation to support the performance of the existing construction or to specify testing or improvements. 
• Submit documentation to the stakeholders and if applicable, building approval authorities. 
Generally, modern concrete has an inherently good resistance to the effect of fire. For structures made from older 
concrete, the thermal properties are important to determine the actual fire resistance of the concrete structure, and sample 
material testing may be required. 
By taking into account the risk of concrete spalling in fire, risk assessment of trial fire safety provisions for aged concrete 
building structures should be carried out in accordance with applicable standards, such as AS/NZS ISO 31000:2009 Risk 
Management  Principles and Guidelines [25] and International Standard IEC/ISO 31010:2009 [26].  
The occurrence of fires that can potentially damage a building structure is a low-probability and high-consequence event. 
The fire performance of existing concrete structures cannot be easily assessed due to the uncertainties to determine building 
safety under fire conditions, such as the uncertainties of building materials and quality of original design and construction. 
Given that absolutely risk free from the effect of fire is unachievable for building structures, fire protection strategies and 
required structural strength to withstand a severe fire can only be provided from a risk perspective.  
Acceptable risk for existing concrete buildings which exceed their design working life remains unclear in current 
building codes, as building codes and structural design aim at providing building products and systems with risks that reflect 
community expectations which are generally not quantified. Non-confirming code issues with existing concrete buildings 
can then be addressed by adopting performance based fire engineering approach to satisfy performance based engineering 
objectives for fire resistance and protection which can be expressed in terms of acceptable risk. The performance based fire 
engineering approach for aged concrete building structures should include an assessment of uncertainties of concrete 
spalling in fire in relation to the degradation of aged concrete, as spalling is a significant issue in terms of concrete structural 
fire performance. The reduction in the concrete cover will cause the reinforcing steel to be heated quickly and hence the 
overall structural capacity will be significantly reduced.  
The risk of concrete spalling can be assessed by using a risk-based method to address the fire safety provisions to be 
applied for the aged concrete building structures. In general, risk can be expressed as a function of frequency, probability 
and consequence [23], i.e.: 
Spalling Risk = (frequency)(probability)(consequence) (1) 
where: 
Frequency  is a measure of the number of fires that are likely to occur.  
Probability of spalling  is determined by taking into account the interaction of the factors in Table 2. 
Consequence of spalling  is a function of the location and application of the structure. 
The spalling risk can be categorized as acceptable risk, tolerable risk or unacceptable risk. Passive and/or active fire 
safety measures can be provided to mitigate the risk of concrete spalling, i.e.: 
• Acceptable risk  No action is required 
• Tolerable risk  passive fire protection or active fire protection may be required 
• Unacceptable risk  passive and active fire protection may be required 
3.3. Passive and active fire protection 
The application of additional fire safety provisions for aged concrete building structures is required to be validated and 
assessed through an appropriate fire safety assessment process. 
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As indicated previously, the risk of concrete spalling can be reduced by provision of passive fire protection (i.e. thermal 
barriers) to the concrete members. Examples of such passive fire protection are provided in Table 3. 
Table 3. Passive protection methods 
Passive Protection Advantages Disadvantages 
Sacrificial concrete cover Can be used internally or externally; 
Provides corrosion resistance as well as fire 
resistance. 
Expensive; 
Extremely heavy; 
Need a much thicker layer than other 
methods. 
Fire resistant board To improve the fire resistance of concrete 
members; 
Easy to apply on decorative finishes; 
No real surface preparation required. 
Not suitable for many non-standard shapes; 
Bulkier than spray-on; 
Generally more expensive than spray-on 
systems. 
Vermiculite spray Reasonably lightweight and thin; 
Reasonably robust; 
Can be applied to complex shapes; 
Cementatious base can offer some corrosion 
protection. 
Wet, messy application not usually suitable 
for decorative finishes; 
Care must be taken regarding compatibility 
with underlying corrosion protection; 
Reinforcement mesh may be required to 
maximize performance, particularly on large 
flat areas; 
OH&S issues on site. 
 
In addition, intumescent paint may also be a passive method to improve the fire resistance and reduce the risk of concrete 
spalling. However, intumescent paint offers little corrosive protection and care must be taken to consider the compatibility 
of intumescent paint with any particular forms of corrosive protection. 
The risk of a severe fire in a building can be significantly reduced by providing sprinkler protection. A well maintained 
sprinkler system has an excellent record of reducing fire size, preventing fire growth and reducing the heat exposure to 
which concrete structures could be subjected. Hence, the risk of concrete spalling is reduced.  
The benefit of sprinkler protection to the structural protection has been recognized by building codes in some 
countries.BS 9999 [27] allows the minimum periods of fire resistance of structural elements to be reduced for buildings 
which are provided with sprinkler protection throughout. For instance, the required 90 minutes fire resistance of structural 
elements for unsprinklered buildings, where the height of the top floor above ground is more than 18 m and not more than 
30 m, can be reduced to 60 minutes if sprinklers are provided. 
In Australia under prescriptive, Deemed-to-Satisfy (DTS) provisions, the BCA does not take into account any beneficial 
impact of the sprinklers in relation to structural fire resistance. The BCA requires full redundancy, in that sprinklers will 
limit fire growth and prevent the structure being impacted by a fully developed fire but the structure must also have an 
inherent FRL, on the basis of no benefit from the sprinkler protection. 
3.4. Process to determine fire safety provisions 
Where concrete building structures exceed the design life of 50 years, the ability of the concrete structures to resist both 
structural loadings and the impact of fire needs to be assessed through a structural and fire safety assessment process, as 
illustrated in Fig. 4. This process helps to determine whether fire safety or other additional measures are required. 
For concrete building structures, the following process should be adopted to assess the structural and fire safety 
provisions required to ensure adequate performance:- 
• A structural assessment should be carried out by a structural engineer to determine whether the service life has been 
reached for the aged concrete structure. 
• No additional fire safety provisions will normally be required if the service life has not exceeded the design working life 
of 50 years. In this case, the fire resistance of the concrete structures should be prescriptively addressed based on the 
original design.  
• If the structural assessment concludes that the service life has been reached by the aged concrete structure or there are 
clear defects arising from reinforcement corrosion or other damage, and the structure is unable to perform the designated 
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function with a reasonable maintenance or repair cost, the structures shall be removed or demolished and hence no fire 
safety assessment is required to be carried out. 
• If the concrete structure can be repaired to achieve its designated function under normal conditions, a fire safety 
assessment by a fire engineer needs to be performed, taking into account the risk of concrete spalling.  
• If the risk of concrete spalling is assessed to be acceptably low, no additional fire safety provisions are necessarily 
required until the next life cycle of the structure.  
• If the risk of concrete spalling is assessed to be tolerable, additional fire safety provisions by using either active 
(sprinkler protection) or passive (thermal barriers) fire protection to mitigate the concrete spalling risk may be provided. 
• If the risk of concrete spalling is assessed to be unacceptable, passive fire protection (thermal barriers) should be applied 
to reduce the risk of concrete spalling. 
The structural and fire safety assessment process is also applicable for concrete building structures which do not exceed 
their design working life but the structural performance under normal and fire conditions is of significant concern. 
 
Fig. 4. Structural and fire assessment process. 
4. Conclusions 
The durability of concrete structures in combination with their fire resistance is a complex topic and there are limited 
data available on the properties of reinforced concrete material which has an age of 40 to 80 years and beyond. 
The performance of concrete structures may reduce over time due to concrete aging and environmental exposure. 
Concrete spalling can be related to the age of the concrete and the uncertainty of spalling is increased through the service 
life of concrete. The ability of aged concrete structures to resist both structural loadings and the impact of fire needs to be 
assessed through a structural and fire safety assessment process to determine whether or what level of additional fire safety 
measures are required, taking into account the risk of concrete spalling in fire. 
In order to mitigate the risk of concrete spalling, additional active and/or passive fire protection may be required for 
concrete having a tolerable or unacceptable risk of spalling. No additional fire safety measures would be necessary for 
concrete structures which have an acceptably low risk of concrete spalling occurring. 
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